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Iterative Decoding of Serially Concatenated Codes with
Interleaves and Comparison with Turbo Codes
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A b s t r a c t - A seriall~ concat erlat e(l code }vit h JJI t er-
lcaver co]]sists of the cascade of an outer encoder ,  an irltcr-
leaver ~wrrl]uting  the outer codewords b i t s ,  artd art iltfler erl-

codcr Irhose input ~vord.s are the permuted outer codcw’ord.s.
\\re [jro~)ose  a ne}v,  )olv-compfexi ty it erat i we decoding alfp
rit ttr!] for serially cc>rlcat enat cd codPs  and a~>~jly it to [wrforrrl
sirf] ulat  ion  cornparisorl.s  \vit h para]lel concatenated con volw
t ional codes krIowII  as “ t urt>o codes”.

I .  INTROI)UCTION

As an alternative to the “turbo>’ codes [1], which are
forlncd by t}vo parallel concatcl]ated cotlvolutiollal  encoders,
such that the illput bits to the second encoder are the scra~o-
bled version (through an interleave) of those eliterillg the
first encoder, ~ve have proposed in [2;3] the serial corlcate-
nation of itlterleaved codes or ser ia l ly  concatenated codes
(SCCs). It co~lsists  (see ttle ul)per part of I’igure 1) of the
cascade of an oatcr encoder and an inner etlcoder  joined I.)y
an inter-leaver, denoted as m.

A1lalytical u~,pcr  bouncls  t o  the perfor~llance o f  a
l~~axi)t~~l ~~~-likelitloocl (N1 1,) decoder for S(’C IIave  bccll pre-
s e n t e d  in [2], \vllereas clesign guidel ines Ieadirlg to the optilnal

choice  of the CCs that maxirtlize ttle intcdfaufr  grzin and tile
asymptotic code perfor[i]ance have bcell  i[lcluded in [3].

‘1’he collclusion of the previously mentioned analysis a[ld
design }vas very  pro[nising, ill t h e  senw t h a t  tile illterlcavcr
gain of serially corlcatenatecl  cc,ltlvolutiollal  cc,dm  (SCICCk),
def ined as  the  inverse of ttie factor (functio~l  of tile inter-
leave length N) by wbicll  the bit error probability decreases,
call  be significantly larger than for turbo codes. ‘1’tlis result,
ho~vever, had been derived for concatenated codes eml)loyi[lg
tile uniform iilterleaver defi[led  in ~1] and  decoded  llsing an
hlIj al,gorittlrll, }Vhicll is know]t  to be exceedingly coln[~lex  for
[Itediutll-large  interleaves.

In this paper, }ve extend the previous results to the l)rac-
tical case of low coml)texity  decoding algorittlllls. First, Jve
I)rcserlt  a tle~v i tera t ive  decodirlg algorittltl~  yielding r e s u l t s
close to capacity lilnits. Then, \ve apply  the decoding alg~
ritllrn to si[lllllate the behavior ofscveral SCCC’S,  and, finally,
\vt’ per forrtl  co[nparisons with turbo codes of ttle satne colm
I)lcxity  and dc~coclillg delay, \Vith tl)is ernl~odillle[lt  of res~ilts,
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}vc believe that S(~C’C:  call I)e considered as a valid, in soIne
cases su[lerior,  alternative to turt.)o  codes.

Il. I’I’ERATIL’R DEC’OI)ING  OF SERIA[,l,Y CONCAVE;  N..lTF,[)

COI)ES

Ill this section, }ve prese~lt  a new iterative algorithm for
decoding serially col~catenatecl codes, with complexity not
sigtlifica[ltly  higher than ttlat, ]leecled to  separa te ly  decode
tile t}vo U’s. Because of the inlportance in applications, all
exa[nples \vill refer to SCCCk, although the decoding alg~
rithltl can be applied to serially collcatellatecl  block codes as
}vell.

‘1’lle core of the ne}v decocling procedure consists of a block
called S1S0 (Soft-input Soft-Output). It is a four-port de-
vice,  }vllicll accer)ts as inputs the probability distributions (or
ttlc corresI)ondi[lg likelihood ratios) of the inforlnation and
code syILlbols  labeling the eclr;es of the code trellis, and forlns
as outputs an ul)date of these j)robability distributions based
u~)on the code constraints. ‘1’he block S1S0 is used ~vitbirl
tile iterative decodiag algorith[n as sbo}vn in l’igure 1, where
\\e also sl~ow tile block diagram of the encc)der  to clarify the
llotatior  Ls.
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I’[g. 1. Illock dlrrgmm.s of the cncodcr and itcratirt d e c o d e r
for srrially concatrlta(cd con~olatlonal codrs

\\ ’t’ Ivill first ex~llai[i  ill tvclr<ls ILOW tlw algoritllln w o r k s ,
accor[ling to t}le [~locks of  Ipigure  1 . Successively’, w lvill
give  tllf itl[)llt-olltl)ut reliltiorlsllil)s  of tllf t~lock S 1 S 0 .

‘1’lle sytllt)ols A(.: /) and A(; O )  a t  tilt illl)llt  and out-
I)[lt ~)orts of S1S() rtf(,r to tile Iogarittllliic Iilielitloo(l  r a t i o s
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(1,1,1{  s)’ , Illlf.c)llstrilillt.{1  \vllt[I Il[t’ st$coll(l ar~{lllll,llt  is 1, :111[1

Illo<li[i(’(1  ;Iccor<lillg  (0 I III, CO(I(*  rwtistraitlts tvl  I(’tI it is O. ‘I$tte
f i r s t  argiltiirtit  11 r e f e r s  t<) ttl{~ i(lforltiatiotl syr[ll)(jls  o f  tile
fllcmler, w’llt~r(’as  r- rff(’rs  t o  cmlc  sy[IIl~ols. Firlally,  tlte stl -
l,t,rscril)t o  r<fcrs  t o  tile (J{lter crlco(lur,  a r i d  i t o  ttlr irlll(r

erlco(l(~r. ‘1’llf [,1,1{s ar{’ <lcfi  IIcd a~

[ 1/’(J’; .)A(.r; .)510g –--—I’(.rrer; :j (1)

\Vhcrl  .r is a I)illary synlbol, ‘LO” or  “l’’, zr,.f  isgellt>rally as-
surned to bc tlte “1”. \VhcrI  .r belongs to an 1,-ary  al~~llabet,
wc earl ctloose  as zr.:f each one of tile 1, sytrlt~ols;  a collllrmn

ct[oicc  f o r  hard!vare irrl~)lerllerltatio~r  is tltc syrnl)ol  with the
lrighcst probability, so that one IIJIt will he equal to zero
a[ld  all 0~hf2rS  I)f?~atiVe  IlU[ll}Je13.

I)iffcrently fror~l the iterative decoding algoritll[rl  clnploycd
for  tu rbo  decoding ,  ill tvhicll  only the IJIJRs ofinforrnation
symbols are updated, we must update here the I, I, Rsof both
informationand code symbols based on tllc code co[lstraillts.

During the first iteration of the SCCC  algorithm, the block
“SISOInner” is feel with thedernodulato  rsof  toutputs,  com
sisting of the LI, Rs  of symbols received from ttle channels,
i.e. of the code sylnhols of the inner encoder. ‘1’he second
illput ~(u’; l) o f  the  S1S0 luncr is set to zero d u r i n g  t.tle
first iteration, since no a-priori information is available on
the input symbols Ui of the inner encoder.

‘1’hc 1,1.1{s  ~(c:; l) are  processed by the S1S0 algorithln,
whic]i  computes the e.rfr-imsie 1,1,  Rs  of the in for[tlation syrn -
t,ols of the inner e[lcoclcr  A(ul;  O) conditiouecl  OIL the i[lncr
code constraints. ‘1’he extril~sic I, I, Its are passecl  tllrougb the
inverse interieaver (block labeled “m-l”), }vhoscoutl)uts cor-
respond to the I, I,lis of the cc)de sylnhols of tile outer cocle,

‘J’tlese IJIJIis  are then sent  to  the  b lock  “S1S0 O u t e r ”  irl
i t s  upper erltry, !vhicl] correspotlds t o  c o d e  syIIlbols. ‘1’tlc
S1S0 Outer ,  ill turrl, processes  tile I,l,lis A(cO; l) of its url-
cc)nstrained code symbols, and computes tllc IJIJIk of hotll
code and in for[nationsylnbo]s based on tile code constrairlts.
‘1’he i[lput )(21 °;1) of the S1S0 Outer is always set to zero,
w’lrich  implies assuruing equally likely trans[llitted source in-
for[l~ation  sylnbok.  'l`t~eoLltJ~Llt  I, I, Iisofir~forIllat io[lsy[llt)ols
(}vhich yield tile a-postcriori  I, I,Iis of the SCCC  irlforrnation
syrllbo]s) lvill he used ill the final iteration to recover tile ill-
forfnation hits. Oft tile other harldl tile IJIJIis  of  ou ter  code
sylnbols, after interleaving are fed hack to the Iowr entry
(correspondir,g to information syrnhols of tile iljr)er  code) of
tile block  S1S0 inner to start. the second iteration. In fact
}ve have

7r[A(c”; o) = A(U’; l)

A. 7’he inpal-oatpat mlrrtionships jor the block S1.i’()

‘1’hc l)locli  S [ S 0  h a s  beerl  dtwril)ed in [5]. It re~)rtw’rlts  a
sligtlt  ,generalizatio]l of tlie I{CJR algoritli[~~  (see [(; ;7]. here ,

l\Vtlvrh  It,.  syn!t,  ols  :ire  blllary,  Only  or~c  1,1, fl is rl(o(l((l,  Wtlcll  Iilv  sy!llt,  ols

t,<l<,!2g  to a,)  l..  Ary  all,}lat,<t, 1.  – 1  1,1.1{s  arc rcqul  red
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section defininq the  notat ions  used for  the
description of the S1.90  algorithm

‘1’he block S1S0  }vorks at symbo/level, i.e., for an (n, p)
convolutional code, it operates on inforrnatio nsymbolsu  be-
lollgitlgtoar~al~~~lai)et  withsize2~ arlclorl coc]esylllbols be-
longing to arl alphal)ct }vit b size 2“. J$’e rvill give the general
input-output relationships, valid for both outer and inner
S1S0s, assunlit)g that tile in formation and code syrnbolsare
defined over a fillitc time index set [1,...,1{].

At tirrte k, k = 1 , . . . , 1 < ,  t h e  o u t p u t  e x t r i n s i c  I,I,Rs arc
corn~)uted  as

Ak(c; o) = ,:rgt~c -{rtk_, [ss(e)]+&[u(c); l] (~)

+)?k [sF;(e)]}  + h,

Ak(u;  o) = rnax ● {o~_l[ss(e)] +AL[c(e); l] ( 3 )
c u(e)=u

+,i3~[sF’’(c)]} +- hU

‘1’he natl~e  fririnsic given to tl[e I, I,Iis computed according
to (2) arid  (3)  cierives  frorll  tile fact that tl]e e v a l u a t i o n  o f
A~(c;O) (and of Ak(ri; O)) does not  depend  on  the  corre-
spo[tdillg si[nultalleous input AL(c; I) (arid AA.  (f I; I)), so that
i t  c a n  h e  coIlsidt’red  as ar] u~)date  of tile ili~)ut I, I,IL ha-d
011 ittforn~atiorls comitlg fronl all tlo[llologous syn]hok in the
sequence, exce~)t tile one cc)rrespondi]]g to tile salne s y m b o l
interval.

‘1’tieti[larititi{’sako and :~ko irl (2) and (3) arc obtained
tllrougll the forward and backr~’ard recursions, respectively,
,a s

ok(s) = rl,ax *{ckk_l[.ss(e)]+ ~k[lt(r)~l+
Csf(? )=.1

+-AA. [c(f) ;[]} ,k=l, . . ..[l–l (1)

$~(.$)  = lr,as ‘{.lk+l [s~;(c)]  +~k+l[rl(c);l]+
, ,’(,. )=s



. .
+Ak+, [((() ;l]) ,k =/(- 1 , . . . , 1 , (5)

\vitli Sllitill)l(’  illil ial valllfw. ‘1’11{’ qllatltititw h,. , /1(, art’ llor-

[nalizatio[l co(lstallts.
‘1’llt’ ol)cr:tt<)r  IIIFIX* Ijerfor[lls ttle follow’i[lg ol)eratic)ll

\vtlicll,  i[i practicel cat  L be pcrforlnecl a s

6)

7)

tvticre  6(crl,  a?,. . . . {/J)  k a correction  krI[l t]lat can he co[i]-

~,uted  recursively usitlg  a single-cr)try look-up table [8;9].

q’he previous description of the iterative clecoder  assutned
that all o p e r a t i o n s  w’ere perfortnec! at sg]r~bo~  level. Q u i t e
o f t e n ,  ho~vever, the  in ter leave operates  a t  bit level  to be
more effective. ‘1’bus, to perform bit interleaving, we need to
transform the symbol ext~insic LI, ILs obtained at the output
of the first S1S0 into extrinsic bit L1, Rs,  before they enter
the deinterleaver. After deinterleaving,  the bit LLRs need to
be colnpacted into symbol I,l,Rs before entering the second
S1S0 block, and soon.

These operations are performed under the assumption that
the l~itsforlllillgasyllli)ol are independent.

A s s u m i n g  a n  ( n ,  p )  c o d e ,  a n d  d e n o t i n g  w i t h  u ~
[11,,..., up] the i[~forr~latiollsyl~lbol  formed by p in forlnation
bits, tile the extrinsic l,LR Ai of the i-th bit t(i within tile
sylnbol u is obtained as

Conversely l the extrinsic IJIJR of tile sylnhol u is obtained
froln tile extri[lsic 141,11  sof its con)po~lellt bits ‘K/I a s

F

A ( n )  = ~ Ai(U) (8)

i=l

As previous descriptic)n should have made clear, the S1S0
algoritlln] requirt’s  that tlle~vlloleseclllellce  had been received
hefore starting. The reason is due to the backward recursion
that starts from the (supposed kno~vn)  final trellis state. A
Inore flexible decodi[ig strategy is offered by Illodifyillg  t~le
algorithin in such a }vay that the S1S0 lnodule operates 011
a fixed  menlorys  pan, and olltputs the smoothed prot)ability
distributions after a given delay 1). l’his algorithm, wllictl
tve have called the sliding /~}i//do~/~so//-]~ui~ui sojI-ouIpIJI(S\V-
S1S0) algorithm, is fully described in [9]. ‘1’oobtaillttle fol-
lotvillg  si[lllllat iorires~lltsl the SW-SISO  algorithmhasbeen
a[~[)lie(l.

Ill. .\PP[/lc, \lIoNs OF ‘1’}{1: DE COI)IN(;  ,\ I, GolL[’1’llhl

\Yetvill now use tll<`(lf>co(lillg algorit lLlllto  ccJllfirlll  tllt`(l(`-
sigtl  ru les  l)rcsf’llte(l  ill [ll],ati{l  tostlow tile lJ~,tl:\vic]rofS(’(’(’
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l’able 2 I)esign p a r a m e t e r s  of C’CS and SCICCs  for tkvo  SCCCS

ill the region of low signal-t ~rloise ratios (below cutoff rate),
tvhere analytical bounds fail to give significant results. In
all sitl]ulations perfor[ned to obtain the results that tve }vill
l)resenL in the following, we have used randomly choserl  con-
volutional interleaves and conti~luous  decoding. The three
SCCCS  em~)loyed  in the silnulations are described, with their
n)ain paralneters (see [3] for their meaning), in ‘lahle 2. They
use colnbinations,  as outer and inner codes, of four different
Cc’s  tvhose  generating matrices are reported in ‘liable  1.

A .  TIIC cff’cxt of a non  r e c u r s i v e  innm cmcocler

‘1’he alialysis ill [3] ca[ne to tile conclusion that a non recur-
sive illller encode r  should  yie ld  l i t t le  in ter leave gains .  ‘1’o
con firtl]  this theoretical prediction by si(nulation results, }ve
I, Jot in Fig. 3 tile bit error probability versus the input de-
coditlg delay obtained by silnutatin,g  tllc collcate[lated c o d e
SC~CC:l  of ‘J’aljle 2. q’his  code uses as inner encoder  a 4-state
[tort recursive encoder. ‘J’he curlfes  refer to a signal- t~noise
ratio k’b/i\rO n 1,5 d~], and to a nllll~ber  of iterations NJ rang -

ing frotn 1 to 10. It is evident that the bit error probability
rcactlm the floor  of 10–5 for a decodiltg  delay greater than or
equal to 1024, so that no illterleaver gai~l takes place beyond
this Imillt. l-’or coll)parisoll, \ve report in Fig. 4 the resul ts

obtailied for tllc code S(’C’(~2  of “1’able 3. ‘1’he curves refer to
a  sigrfal-to-noise r a t i o  o f  0.7L dll, and snow  tile itlterleaver
gain predicted by tile analysis.

11. A~)~~roacllillg  tile tllcomtical  Sha[iIioIi  lirility

\Vt’ discuss tlere tilt’ ca[)abilities of SCCCs  of yielding results
close to tile .Shattrlolt  ca[)acity Iilltit. ‘1’0 this pur[)ose, ~vt~ have
cllost~ll a  rate  1/1  collcatenatml scl IeIIIe ivitl]  very  loIIg illter-
Ioav(’r, corresi)olldil]g t o  aII input decodi[ig delay o f  16,3S1.
‘1’llc collstitlit~llt  coiltw arc N.statt’  co[lrs: tile o u t e r  e n c o d e r  i s

11011 ri~cursi se, al)d IIIC illllcr (llco(lcr  i s  a  recur sivt!  c’llcoder.
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Fig. 3. Simulated performance OJ concatenated code SCCL’1
of lable 2. The bit err-or  probability is plot[ed versus input
decoding delay for diflerent number of iterations. ~’he signal-
to-noise ratio is 1.5 dfl.
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l’ig. ~. Simulated performance of concatenated code SC(:C2
of Ihble 2. Tfr~ bit error probability is plotted oersus inpul
decoding delay for diflerent number of iterations. 7’he signrrl-
to-nolsf ratio is O. ?5 dll.

‘lhcir generating ~natrices are

GO(D)  = [1 + 1), 1 + D + 1)3]

rtwpectivcly. Nc)te the fc’mlt)ack polyno)llial  ( 1 + 1)) of Illc
itlllt’r encoder ,  }vhich elinli[lates error evetlts tvith odd ill~~ut
~veiglits.  ‘1’he r e s u l t s  it] tert[ls of l~it e r r o r  l)rol,al)ility ver-
slis  sigllal-to-rloise ratio for difTerellt  nu[l~her  of iteraticjlw  are

[jr{h{,lll~,tl  ill l’ig, .-). ‘1’l]!,y  sll{)\v IIlal Ilit’  tltw)clill~  algori(tltli
~v(jrks ;Lt l.’I,  /. V{) = – - 0 .  ( ) . 5  (111, at ().7.5 {Ill froth  till’ S11:11111011
c:kl);~cily Iitllit, Iviltl  v(~ry Iiltlit(,cl  cc)lll~)lt~xity (rt’lllelllt)er ttliLt
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l’ig.  5. Sin) ulated performance of a rate 1[~ serially concate-
nated code obtained with two eight-state C~s and an inter-
leauer yielding an input  decoding delay equal to 16384.

C .  Coln~Jarisoll  betwcwn serially and parallel con-
catcvlatd  codes

‘1’0 check  i f  the  advatltages of  S(XC o!cr turbp cocles pre-
dictrcl l)y tllc analysis are retainecl WIICN the codes are iter-
atively decoded at very low si.gtlal-t~rloisc ratios, !VC have
silnulated tl~t. hctlavior of SC(; Cs  arid  I’CCCs  in equal sys-
tcln conditiotls: the cortcatenatecl code rate is 1/3, the C’Cs
arc 4-state recursive eucoders (rates 1/2 + 1/’2 for I’CCG,
and rates 1/2 + 2/3 for the SCCCS)l  and the clecoding  de lays
ill terllls of ill~)ut bits are 102’1 and 16 ,384 .

IN Ipig. 6 \ve report the results, in terms of bit error prol)-
at)ility versus signal- t~noisc ratio, for tile case of a clccoding
delay equal to 1024, after three artcl seven decoding it era-
tions. As it call be seen from the curves, the I’CCC outper-
form t lIr SC’CC for lii,gh values of the hit error protlabilit ies.
I:or t)it e r r o r  prohal)ilities Io}ver tliall 10-2, th~’ SCCC OLlt-
I)erfor[lls tllc }’c~CC.  lrt par t icular ,  }ve notice the absence of
e r r o r  flc)orz irl ttle S(”~C~C ~jerfor[nance At  10–4, SCC(.~ h a s
arl adval]tage of 0.7 d]] }vitlt seven i t e r a t i o n s . I’ina!ly,  irl
l:ig.  7, \ve report tile results for an input decoding delay of
16,384 arid  six arid nine decodil]g itt’ratiol)s.  Ill this case, the
c r o s s o v e r  bet~veerl I’C’CC ar~d SCCC  Ilappens around 10 – 5.
‘1’}lt. a(lvarltagc o f  S(’(’CT at  10–6 is  0..5 d[l wit]]  r]irle itcra-

t ior~s.
~\s a coriclusior],  !vc ear l  say tl)at ttle advarrt ages obtairled

f o r  signill-tc)-llOisl’  r a t i o s  atlo~e t i re  cutoff rate,  fvllm III(’

‘It lb cu5t,olt~:kry  to <,,11  “.. rror floor”’ Wt,:,t Is actually  a sc’[1>1~%1.~  Cllwlgc
Lot’  slo~!v of ttle ~wlr”t’!,  l:!ll  .-e Curve,
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Jig. 6. Contpa risen oft  wo rate 1/3 PCCC and ,$’CCC. 7 ‘h e
[’CCC is obtained concatenating tuo equal rate 1/2 J states
c o d e s  (’rst code  in lhble 1); th~ SCCC is thr code SCCC1
of l’able 2. l’he curocs refer to ihree aud scocn  i t e r a t i o n s  of
the  decoding algorithmand to aa equa[ input  decoding d{[ay
OJ 102&.

IV. CONCLUSIONS

I\ll iterative decoding  algorittltn for serially cc~[lcatcllated
codes }vith itlterleaver has bce[i  proposed ar[cl ap~)licd  to var-
ious cocle configurations. k;xteusive silnulatioll results tlave
t)eeu presented, and cc)lnparisoIls with parallel concate[lated
convolutional codes have been performed, stlowillg that tllc
nclv schemes can often yield superior per forlnance.

[1]

[2]

[3]

~iEFE}{F/NCES

( ’ l a u d e  Ilerrou, Alain Glavieux, and l)utlya ‘l’hitillla-
jsllillla, “Near Shanuou IJiluit F;rror-Correctiu.g (’odillg
and I)ecodiug:  ‘1’urb~[’odes”, ill f’rocrcdings of 1(’C ‘9~,
Gelleve, Swit7erlatld, klay 1993, pp .  1064-1070 .
Ser.gio Belledetto a[ld  Guido hlol~torsi, “Serial co))-
catenation of interleaved codes: atialytical per forlnalicc
hounds” , i[l Procecdlngs of GLOB F.’C0.lf ‘g/;, I,or Ido II,
[’K, Nov. 1996.
Sergio Ilt’lledettc),  I)ariusti I)ivsalar, (;uido Xlolltorsi, arid
E’al)rizio [’oilara, “lksigil o f  st’riillly  concateltated itt-
t erleaved codes”, it) }’roccfdtng,s  of IC’C’97, klotlt  r e a l ,
(’allada,  J u n e  19!)7.

[ ---:---
. ,—

101 -.
.,,

/y ,( ,(
S(’(’(’  :‘“”””l

()4 0 6 08 1
~JN,[drLl

[’tg. 7. Comparison of tuo rate 1/.5’ 1)(:6’(’ and SCCC. 7’he
l) CCC zs obtained concatenating two ~qual rate 1/2 ~ states
c o d e s  (first code  in Tab[e  1); the .TCCC  is the  code  SCCC2
of lablc 2. 7’hc curtlcs  refer 10 sil artd nirtc i terat ions OJ t h e
rfccoding  algorithm and to an equal input decoding delay of
1638’/.

[’l]

[5]

[6]

[7]

[8]

[!)]

Sergio Ilenedetto and C:uido  hlo~ltorsi,  “LJnveiliug  turt)~
codes: so~ue resul ts  on paral le l  concatenated coding
Schellles”  , lJ~J~lj Transactions on lnjormation l’heory,
vol. 42, ]10. 2, pp. 409429, hIar. 1996.
Sergio I\ellecletto,  I)ariusll I)ivsalar, a[ld  I:abrizio I’ollara,
‘“A sof t - input  soft-out~,ut  A1’1’ lllodule  for iterative de-
coding of concatenated codes”, ll~E1;  Comw animations
l,cllcrs, vol. 1, 110. 1, ~JrJ. 22-24, Jar~. 1997.
1,. R. llalll, J. Cocke, 1 .  Jcliuek, and J. Raviv,  “Optilllal
l)ecc)ding  of [,inear Codw for Alillitnizing  Sy[[lbo]  I;rror
Rate”, 11,’1,’1; I’ransactlons on lnformatzon 7’heory,  I)p.
2S4 287,  hlar. 1971.
R.J. Alcklliece, “OU tlte }1[’.Jft  t r e l l i s  f o r  li~lear  I)lock
codes” , IF.’1,’1;  Y’ransaclions on Information Theory, vol.
1’1’-42, pi). 1072-1091, July 1996.
l’atric!i Robcrtsoll, F;nllllatluelle  Vitlet)ruu,  altd P e t e r
Iloellrr, “ A  ~’oln~,arisoll  of OI)tilllal atld Sut)-OI)tinlal
\IA1’ Ikcoditlg AlgoritJllus Olwratillg iu t!le  I,og  l)o-

,.tllalll , irl }’roc(ed~ng~  OJ 1( ’( ’”97, S e a t t l e ,  \Vasttillgtou,
Ju[L~ 1993, pp. 1009 1013.
Sergio lkne(letto, I)ariusll l~ivsalar, (;ui(lo Nloutorsi,  a n d

t:al)rizio  I’ollara, “Soft-illi)tlt  soft  -out I)llt buildiug t)locks
f o r  tilt’ collstructioti a[ld  distritjuted i t e r a t i v e  decodiltg
of codr uetirorks” , i.’uropfarl  I’mnsacllons on 7’e/ccoul  -
ntancallomsi i[lvitecl  pal)cr, to I)(T i)ut)tislled, \Iay 1997 .


